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A cross-sectional epidemiological study was conducted to determine the seroprevalence and to identify risk factors for bovine
brucellosis seropositivity in traditional and smallholder dairy cattle production systems in the Tanga region of North-eastern
Tanzania. The study populations comprised 246 indigenous and 409 crossbred cattle, randomly selected from 105 smallholder
dairy and 25 traditional managed herds, respectively. Individual animal and herd-level data were collected using a structured
questionnaire. Serum samples were screened for Brucella antibodies using the Rose Bengal Plate Test The overall seroprevalence of
Brucella antibodies in the smallholder dairy and traditional managed cattle was 4.1% and 7.3% respectively. The corresponding
overall herd prevalence was 10.5% and 20% respectively. Using multivariate logistic regression analysis, closeness to stock route,
access to surface drinking water and location were identiﬁed as the major risk factors for individual herd seroprevalence. Older
animals (≥6 years) were associated with increased risk of sero-positivity compared to animals of age category of ≤6 years. The
results showed that brucellosis is prevalent and widely distributed locally, underscoring the need for further studies including
surveillance and institution of preventive and control measures particularly among female young-stock and the general public
who are at high risk of contracting brucellosis.
1.Introduction
Tanzania has a wide variety of livestock production sys-
tems inﬂuenced by climate, feed availability, culture, and
farming systems [1]. Smallholder farmers in pastoral and
agropastoral production systems account for about 99% of
the total livestock population and support the livelihoods
of approximately 80% of the population [2]. Under these
production systems, livestock grazing range from commu-
nal, extensive grazing to stall fed or tethered grazing on
smallholdings [3]. Pastoral livestock production system is
dominated by indigenous traditional herds whereas agro-
pastoralism comprises a range of combination of low-
s c a l ec r o pc u l t i v a t i o na n di m p r o v e do rg r a d e dl i v e s t o c k
rearing. Smallholder dairy farming is concentrated in the
high-potential rural areas (highlands) and in many urban
and periurban areas of major cities where milk marketing
opportunities is high. The predominant production system
inTangaregionisthetraditionallivestockkeepingandsmall-
scale dairy production [2].
Brucellosis is considered by the Food and Agricul-
ture Organisation (FAO), the World Health Organisation
(WHO), and the Oﬃce International des Epizooties (OIE)
as one of the most widespread zoonoses in the world [4].
In cattle, the disease is usually caused by Brucella abor-
tus (a gram-negative, facultative intracellular coccobacilli
bacterium) and occasionally by B. melitensis and B. suis.
Brucellosis is characterised by late term abortion; infertility
and reduced milk production as a result of retained placenta,
endometritis, and a varying degree of sterility in the males
and cows [5].
The history of brucellosis in Tanzania began in 1927
when an outbreak of abortion in cows was reported in
Arusha region [6, 7]. Surveys have shown the disease to2 Veterinary Medicine International
occur in cattle in various production systems, regions, and
zones, with seroprevalence varying considerably [8–11].
The majority of these studies, which were often conducted
purposely, were carried out in parastate farms and in
indigenous traditional cattle herds. Surveys carried out in
the Eastern zone and in the dairy sector in Tanzania revealed
prevalence ranges from 2.2% in small scale (1−10 animals)
to 7.6% in large-scale (>30 animals) and 12.3% in pastoral
sector, respectively [8, 9]. Reports from individual dairy
cattle in Northern Tanzania showed low prevalence (<4%)
compared to traditional cattle (15%) in the same zone [6]. In
Tanga region, the disease has been insuﬃciently investigated
and information relating to its magnitude, distribution, and
risk factors is scant. Such information is important when
designing appropriate strategies that would help reduce its
prevalence and eﬀects. The present study was carried out in
order to gather additional information likely to contribute
to data that may be used to devise appropriate national
strategies for the control of the disease.
The objective of the serological survey was to determine
the prevalence of bovine brucellosis and to identify the
associated risk factors under traditional and smallholder
dairy production system in the Tanga region, North-eastern
Tanzania.
2.MaterialsandMethods
2.1. Area and Study Population. The study was conducted
on both smallholder dairy herds (≤10 graded animals of
all ages, breed, and sex and intensively managed) and
traditional herds (≥30 indigenous cattle of all ages and sex
andextensivelymanaged)inandaroundTangamunicipality.
Characteristics of the study area are described elsewhere [12,
13]. The location of each herd was also classiﬁed as urban
(within the oﬃcial boundary of Tanga municipality), periur-
ban (beyond the oﬃcial boundary of Tanga municipality but
within15kmofthetowncentre),orruralandgrazingsystem
(grazing versus no-grazing). Such classiﬁcation of herds by
location and grazing system could inﬂuence, for example,
availability of veterinary input supplies, extension services,
aﬀecting access to land for forage production, veterinary
input suppliers, or animal health service provisions. Herd
classiﬁcations (by grazing and location) were considered
as explanatory variables during data analysis. The type of
animals kept under smallholder herds includes taurine breed
(Friesian, Ayrshire, Jersey, Simmental) and crosses of these
breeds with Bos indicus breeds (Tanzania shorthorn zebu,
boran, and Sahiwal). The level of taurine blood varies from
50%−85%.TraditionalherdscomprisemainlyTanzaniashort
horn zebu (TSHZ).
2.2. Study Design and Farms Selection. A cross-sectional
study was undertaken between May 2003 and January
2004. The data bases of farmers under the district livestock
department and Tanga dairy development programme [14]
were used as the sampling frame. A sampling frame of 1,730
smallholder dairy and traditional herds, comprising 12,500
cattle, was used to select 130 herds to participate in the study.
Owing to the practical consideration of logistics and funds,
the sampling frame was limited to herds within a radius of
40km around Tanga municipality.
Simple random sampling using the Excel software
(Microsoft Inc., 1999) was used to select the 130 herds which
resulted in the recruitment of 105 smallholder dairy and 25
traditional herds. The sample size of herds and animals was
selected to estimate the disease prevalence and association
between outcome and explanatory variables at 90 percent
conﬁdence,with7percentprecisionbasedonformulaegiven
by Noordhuizen et al. [15].
2.3. Questionnaire Design and Data Collection. Information
about each herd and the animals kept was collected by
means of a structured questionnaire, which was completed
at all the selected herds on a single visit. The questionnaire
was designed to comprise mostly closed ended (categorical)
questions to ease data processing, minimize variation, and
improve precision of responses [16]. The questionnaire
was administered using the national Swahili dialect by a
veterinary department staﬀ member, who was trained in
participatory research methodologies. Important herd and
animal level data recorded included cattle location, source of
forages (home established, road side, or bought-in hay), sex,
breeding method used (natural or artiﬁcial insemination),
source of drinking water (tap, rain water, shallow well,
river, pond), contact with other animals and place (between
farms, during grazing, at water source, during mating),
herd owner education level (binary variable: illiterate and
primary education), and the number of years in livestock
farming. Other information sought included presence of
other animals on the farm (pigs, sheep, goat), history of
abortion and S.19 vaccination, disposal of afterbirth, age
determined from birth records and dentition characteristics,
categorized as (binary variable; ≥6a n d≤6 years), herd-size
(binary variable; large ≥9 and low ≤9 animals), and the
type of ﬂoor in the animal house (concrete, dirt) as well
as whether or not a system of grazing or zero-grazing was
practiced.
2.4. Sample Collection and Handling. Approximately 10mL
of blood sample was collected from the jugular vein of
each animal in all selected herds using plain vacutainer tube
(Becton Dickson, UK). Each sample was labelled using codes
describing the speciﬁc animal and herd. The tube was set
tilted on a table over night at a room temperature to allow
clotting. Next morning, the clotted blood in the tubes was
centrifuged (at 3000g for 20 min) to obtain clear serum. The
obtained serum was stored at −20
◦C until tested by Rose
Bengal Plate Test (RBPT).
2.5. Rose Bengal Plate Test. All sera samples were screened
using RBPT antigen (VLA Weybridge, UK). The test proce-
dure recommended by Alton et al. [17]w a sf o l l o w e d .B r i e ﬂ y ,
30µL of RBPT antigen and 30µL of the test serum were
placed alongside on the plate, and then mixed thoroughly.
The plate was shaken for 4 min and the degree of agglu-
tination reactions was recorded. The sample was classiﬁedVeterinary Medicine International 3
positive if any agglutination was observed and negative if no
agglutination. The RBPT, when compared to complement
ﬁxation test (CFT), has shown a sensitivity of 94.2% and a
speciﬁcity of 87% on ﬁeld sera and has been described by
other researchers [18, 19]. Conﬁrmation of positives samples
with tests of higher sensitivities and speciﬁcities such as a
CFT or enzyme-linked immunosorbent assay (ELISA) was
not done due to the lack of resources (funds) to buy the
required kits.
2.6.StatisticalAnalysis. Herdsandindividualanimal-derived
data were stored in Microsoft Access. Descriptive statistics
for the animal and herd level explanatory variables examined
in the study were developed using Epi-Info version 6.04d
[20] and Statistix version 8.0. [21]. Relationships between
explanatory (independent) variables (herd and animal-level)
and outcome variables (Brucella serostatus: negative or
positive) were investigated in two steps by logistic regression.
In the ﬁrst step, relationships between each independent
and outcome variable were individually investigated. In the
second step, any variables that were signiﬁcantly associated
at the P<. 10 level were included in multivariable models
producing, by forwards and backwards substitution and
elimination, the most parsimonious models in which all
independent variables remained signiﬁcant at the P<. 05
level.
3. Results
3.1. Participating Herds Characteristics. All 130 of the
selected herds were visited and the farmers were interviewed,
resulting in a 100% response rate for participation in the
study. Smallholder dairy herds made up 80.7% of the herds
sampledandtraditionalherds19.3%.Sampleswerecollected
from 655 animals of which 7% were males and 93% females.
The average age of the animals in the traditional sample
was 5.7y e a r sc o m p a r e dt o4 .6 years in the smallholder
dairy sample (P<. 001). The distribution of herds amongst
categories of each variable investigated is summarised in
Table 1. All traditional herds were grazing animals whereas
the majority (72%) of the smallholder dairy herds was kept
under zero-grazing conditions. Smallholder dairy herds had
an average herd size of six animals, with larger herds being
kept under grazing than under zero-grazing conditions (P<
.001). Traditional herds had an average herd size of 46
animals(median30).Goatsandsheepweresigniﬁcantlykept
more commonly in traditional herds than in smallholder
dairy herds (P<. 001). Traditional livestock keepers keep
cattle for longer than small-holder farmers, with an average
of 19.1 (median 14) compared with 9.4 (median 9) years,
respectively. Forty-percent (n = 42) of the smallholders
dairy farmers had more than primary education compared
to 12% in the traditional sector. Two-thirds (66%) of the
smallholder dairy farmers had at least received training in
cattle management through workshop or seminars whereas
traditional farmers learned cattle management alone or
from parents (<0.001). No history of S.19 vaccination was
recorded during sampling. Abortion history was recorded in
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Figure 1: Age seroprevalence proﬁle (+/−95%CI)o fBrucella
in the smallholder dairy (black) and traditional (stippled) cattle
production systems of Tanga (May 2003−January 2004).
12% and 3.7% of the herds in traditional and smallholders
dairies, respectively.
3.2. Serological Responses to Brucella Infection. Of the 655
sampled animals, serology results were available from
654 (99.8%) animals. The missing result arose due to loss of
labels during storage and transport to laboratories. Over all,
animalseroprevalenceforBrucellaantibodieswas5.3%(95%
Conﬁdence interval [CI], 3.1−7.8). The animal and herd-
level seroprevalence of antibodies to Brucella by production
system are shown in Table 2. The corresponding overall herd
seroprevalence (at least one animal or herd seropositive)
for Brucella antibodies was 12% (95% CI, 10.1−13.9). The
relationship between age and seroprevalence is shown in
Figure 1. In the traditional herds, the prevalence of cattle
seropositive for Brucella antibodies increased from 4% in
animals <4 year-old to 14% in cattle >6 years of age, while in
smallholder dairy herds, the prevalence of cattle seropositive
for Brucella antibodies increased from 2% in young stock <2
years of age to 16% in stock of >6y e a r s .
4.FactorsAssociatedwith
SeropositivitytoBrucellosis
4.1. Univariable Analysis. The association of the animal and
herd-level categorical explanatory variables at P ≤ .10 and
brucellosis is shown in Table 3. Animal-level categorical
variables that qualiﬁed at P ≤ .10 during univariable analysis
were age and the introduction of animals during the last
two years prior to the current study. Herd-level variables
that were signiﬁcant at P ≤ .10 during univariable analysis
included grazing, herd location, access to surface water, and
closeness to cattle stock route or holding ground.
4.2. Multivariable Analysis. Explanatory variables that
remained signiﬁcant for the seropositivity to brucellosis,
deﬁned by a sero-positive animal and/or herd in the ﬁnal4 Veterinary Medicine International
Table 1: The proportions of herd in each category of each variable investigated during the study (May 2003−January 2004).
Variable Categories No. of herds (%)
Traditional (n = 25) Smallholder dairy (n = 105)
Sex† Male 22 (9) 25 (6)
Female 223 (91) 384 (94)
Brought in animals from previous years Yes 5 (21) 29 (27.6)
No 20 (79) 76 (72.4)
Grazing history Zero grazing 0 (0) 76 (72.4)
Semi/free grazing 25 (100) 29 (27.6)
Herd location Periurban 5 (20) 37 (35.2)
Urban 5 (20) 53 (50.5)
Rural 15 (60) 15 (14.3)
Breeding system
∗ Own bull 13 (52) 13 (12.4)
Bull from outside 12 (48) 60 (57.7)
AI 0 (0) 67 (63.8)
Water source
∗ Tap 4 (16) 87 (82.8)
Rain water 19 (76) 35 (33.3)
Shallow wells 1 (4) 11 (10.5)
River 18 (72) 16 (15.2)
Pond 11 (44) 23 (22.0)
History of abortion Yes 3 (12) 4 (3.7)
No 22 (88) 105 (96.3)
Disposal of afterbirth Yes 8 (32) 95 (90.5)
No 17 (68) 10 (9.5)
Cattle going to water source Yes 25 (100) 23 (22.0)
No 0 (0) 82 (78.0)
Education level Illiterate 22 (88) 63 (60)
Above primary 3 (12) 42 (40)
Other training: livestock keeping Yes 4 (16) 70 (66.6)
No 21 (84) 35 (33.3)
Source of fodder
∗ Road side Na 75 (71.4)
Own established Na 27 (25.7)
Bought in hay Na 12 (11.4)
Contact with other animals
∗ Dairy to dairy 0 ( 0) 86 (82)
Dairy to zebu 17 (68) 19 (18)
Contact sheep/goat 22 (88) 0 (0)
Contact pigs 0 (0) 25 (23.8)
Contact game 9 (36) 2 (1.90029
Place of contact
∗ Pasture 23 (92) 29 (27.6)
Watering point 24 (96) 26 (24.8)
Dip 6 (24) 22 (20.9)
Mating 1 (4) 28 (26.6)
Housing (shoats) 17 (68) 17 (16.2)
∗Proportion do not add up to 100% each category was treated as a binary variable; AI: Artiﬁcial insemination.
Na: not applicable;
†Sample size (traditional, n = 246; smallholder, n = 409).
multivariable regression model are shown in Table 4.
The likelihood that a herd was sero-positive for Brucella
increased signiﬁcantly for being near to the slaughter cattle
stock route (P<. 001). Herds that were accessed to surface
water were signiﬁcantly associated with increased risk
compared to the herds which depended on piped water
(OR = 2.66, P<. 001). Seroprevalence to Brucella varied
signiﬁcantly amongst herd locations, with herds located
in urban areas being signiﬁcantly less likely to be sero-
positive compared to rural or periurban located herds
(OR = 0.37, P<. 001 for urban). At an animal-level, older
animals (≥6y e a r s )w e r em o r el i k e l yt ob es e r o p o s i t i v eVeterinary Medicine International 5
Table 2: The prevalence (with exact ±95% conﬁdence intervals) of animal and herd-level seropositivity for Brucella by production system
(May 2003−January 2004).
Herd-level Animal-level
Production system Number positives Seroprevalence, % (± 95% CI) Number positives Seroprevalence,% (± 95%CI)
Traditional 5 20.0 (13.8−26.2) 18 7.3 (3.1−12.0)
Smallholder dairy 11 10.5 (8.2−11.8) 17 4.1 (1.9−7.6)
Overall 16 12.3 (10.1−13.9) 35 5.3 (3.1−7.8)
CI: lower and upper limits for 95 percent conﬁdence interval of the seroprevalence.
Table 3: Association of antibody to Brucella positives and explanatory variables (p ≤ .10) in univariable regression models (May
2003−January 2004).
Animal-level Herd-level
Variable Category OR P-value OR P-value
Grazing No 1.00 1.00
Yes 1.69 .09 2.65 .08
Herd location Periurban + rural 1.00 1.00
Urban 0.27 .01 0.37 .10
Introduction of cattle during the last year No 1.00 Na
Yes 1.69 .05 Na Na
Access to surface water No 1.00 1.00
Yes 2.26 .03 2.79 .06
Herd close to stock route/holding ground ≥1k m 1 .00 1.00
≤1k m 6 .74 <. 001 3.22 .03
Na: not applicable; OR: Odd ratio.
compared to animals ≤6y e a r so l d( O R= 4.0, P<. 001).
Seroprevalence varied signiﬁcantly amongst herd source
of drinking water and grazing system but these were
strongly confounding signiﬁcant factors with access to
surface drinking water providing the minimal best model
ﬁt (Likelihood ratio statistic = 14.1, P = .049) in the
multivariate analysis. Results of Fisher’s Exact Test showed
that history of previous abortion (P>. 05) and stillbirths
(P>. 05) in the individual animals were not signiﬁcantly
associated with Brucella seropositivity. None of the other
investigated variables were associated with diﬀerences in
prevalence values.
5. Discussion
The overall animal seroprevalence of brucellosis in this study
was 5.3%. The seroprevalence could reﬂect a past or present
exposure to Brucella organisms, because vaccination against
brucellosis has never been practiced in Tanga region, during
the last 10 years [14]. The prevalence was higher in animals
intraditionalherdsthansmallholderdairyherds,being7.3%
and 4.1 % ,r e s p e c t i v e l y .A l s o ,a th e r dl e v e l ,b r u c e l l o s i sw a s
more prevalent in traditional herds, with 20% showing at
least one positive animal. Although animal prevalence is
low, the high herd prevalence, especially in traditional herds,
shows that brucellosis is common and locally widespread.
The low prevalence of brucellosis observed in the
smallholder dairy animals when compared to traditional
herds agrees with the observations made in other studies
[8, 22, 23]. The diﬀerence is also likely to be explained by
the small-size units and stall feeding that minimises contacts
between herds and animals. However, the high proportion
of seropositive animals in traditional herds, despite diﬀer-
ences between herds, conformed to the results of a recent
study in Tanzania which also reported higher prevalence of
brucellosis in indigenous TSHZ cattle than in crossbred kept
by smallholder dairy farmers [11]. The diﬀerences between
traditional and crossbred animals are possibly attributed to
increasedcontactsofinfectedherds/animalsandnoninfected
ones in the indigenous traditional production system, as a
result of communal grazing and watering, which become
more apparent and acute during the dry period. Moreover,
mixed herding and frequent contact with small ruminants
and cattle could also be contributing factors to the occur-
rence of brucellosis.
At herd level, farming close to the stock route and access
to surface water emerge as the most important risk factors.
Slaughter cattle from outside the Tanga region are trekked
along the stock route to be slaughtered at the abattoir.
Animals are kept for some days before slaughter at a holding
ground where they partly make use of the same communal
grazing areas. The brucellosis prevalence in these animals
is high [24] and direct, or indirect, contact via pasture
exposes grazing animals to diseases carried by these animals.
Such practices enhance the exposure potential, especially
followingabortions,throughincreasedcontactandcommon
grazing ﬁeld and watering points promoting transmission of
Brucella organism [25].
The relevant data from East and Central Africa, and from
other environments similar to those found in Tanzania, also6 Veterinary Medicine International
Table 4: Signiﬁcant factors associated with seropositivity to Brucella infection in multivariable logistic models (May 2003−January 2004).
Variable Category OR 95% CI OR P-value
Place of farming
Periurban + rural 1.00
Urban 0.37 0.13−1.12 <. 001
Age of animals
≤6 years 1.00
≥6 years 4.02 1.86−8.69 <. 001
Herd close to stock route/h/ground
≤1k m 1 .00
≥1k m 3 .09 1.04−9.17 <. 001
Access to surface water
No 1.00
Yes 2.66 1.90−7.87 <. 001
OR: odds ratio for categorical/binary variables; CI OR: lower and upper limits for 95 percent conﬁdence interval of the odd ratio.
indicate that Brucella antibodies can be quite widespread
among the cattle production systems. For example, in
the pastoral animal and herds RBPT-based investigations,
seroprevalences of 0.77% and 46.1%, 9.3% and 31%, 14.1%
and 46.2% have been reported in Ethiopia, Ghana, and
Zambia, respectively, [26–29]. The apparent geographical
variation in the seroprevalence may reﬂect diﬀerences in
the levels of natural immunity, management and husbandry
practices employed, and sensitivities and speciﬁcities of the
diagnosticmethodsusedamongresearchersaswellasgenetic
variation in disease resistance among the breeds maintained
in the systems [27, 30].
In both production systems, the seroprevalence for Bru-
cella antibodies increased with age, consistent with previous
reports [31, 32]; younger animals are more resistant to
primary infection and frequently clear infections, although
latent infection occur [33]. The increased likelihood of
Brucella force of infection in older animals (≥6y e a r s )c o u l d
be explained by increased susceptibility to infection due to
under nutritional stress combined by the lowered immunity
that developed following acute infection [5, 28].
Compared to traditional herds, animals in the small-
holder dairy herds become positive at a slightly younger age.
It has been described for brucellosis that some of the infected
animals, do not become sero-positive until pregnancy [33].
This could partly explain this diﬀerence as the age at ﬁrst
calving for crossbred dairy cattle is lower than for traditional
zebu cattle [34].
A history of previous abortions or stillbirths was not
signiﬁcantly associated with seropositivity, a ﬁnding which
is in contrast with reports from other researchers [24,
26]. Fifteen percent of the RBPT positive animals reported
a history of abortion, compared to 9.7% of the RBPT-
negative animals. This could be explained by the fact
that causes of abortion such as vector and nonvector
borne diseases which are prevalent in the study area were
important factors rather than brucellosis [13, 35]. Similar
observations were made by other investigators [5, 36].
Although RBPT is generally accepted and accredited by OIE
[37] as the deﬁnite test for Brucella screening in many
countries, the test has several limitations [38]. Apart from
being highly sensitive especially in vaccinated animals, the
test has the major drawback of producing false-negative
reactors. False-negatives are usually obtained during early
stages of incubation or immediate after abortion whereas
false-positives occur due to the presence of IgM as a result
of S.19 vaccination and colostral antibodies in young stock.
The lower speciﬁcity is the reason that normally RBPT-
positive animals are either conﬁrmed with the complement
ﬁxation test (CFT) or enzyme-linked immunosorbent assay
(ELISA).
The study further revealed that sex did not show
signiﬁcant association with the seroprevalence for Brucella
antibodies. The absence of association with the seropreva-
lence is in agreement with that of other workers [39]a n d
possibly due to the small sample size of the male cattle
sampled.
The possible sources of bias in this study include the
fact that herds fell into aggregates with large spaces between
them. Furthermore, several of the brucellosis positive herds
showed clear clustering. This might have lead to unreliable
estimates of seroprevalence. This was overcome during study
designing stage by incorporating random sampling proce-
dures that would give a 90% to 95% probability of detection
of a disease in a herd with a minimum intraherd prevalence
of 10% [40]. Sampling an equal number of herds from each
production system that had large sampling frame diﬀerences
might also have introduced bias. The sampled herds in
smallholder dairy production represented 9.3% (409/4375)
of the eligible population while in traditional indigenous
cattle production it was 3% (246/8125). This was overcome
by random selection. Another possible source of bias in
this study is the problem of some variables inﬂuencing and
being associated with Brucella seropositivity. Confounding
was addressed by using multivariable model. However,
other confounders may potentially have resulted in residual
confounding. These include grazing and animal access to
surface drinking water.Veterinary Medicine International 7
6. Conclusion
This study reports that bovine brucellosis is prevalent and
widely distributed locally. Seroprevalence was higher in tra-
ditional than smallholder dairy herds suggesting traditional
herds to be at a higher risk of brucellosis, most likely due to
the commingling with small ruminants and frequent contact
at communal grazing and watering points. Animals were
morelikelytobeseropositiveiftheywereintraditionalherds,
accessed to surface running water and graze close to a trade/
slaughter animal stock route. This may reﬂect the increased
likelihood of contacts with contaminated pasture and water
from aborted materials, although history of abortions was
not a signiﬁcant risk factor. Consistent with this, the
likelihood of encounter increased signiﬁcantly and logically
with age. Further studies are needed to understand the
dynamicsoftransmissioncyclesandinstitutionofpreventive
and control measures particularly among female young-
stock, and to identify alternative management practices to
replace those that are risk factors for animal and human
infections.
Conﬂict of Interests Statement
None of the authors of this paper has a ﬁnancial or personal
relationship with other people or organization that could
inappropriately inﬂuence or bias the content of the paper.
Acknowledgments
Field work and data collection were funded as part of study
leave grant awarded to L. Schoonman. The authors are
grateful to all participating farmers for their cooperation.
The livestock ﬁeld oﬃcers and technician at Tanga are
thanked for their ﬁeld and technical assistance. Thanks are
extended to the Director of Veterinary Service, Tanzania, for
permission to publish these studies.
References
[1] J. J. McDermott, T. F. Randolph, and S. J. Staal, “The
economics of optimal health and productivity in smallholder
livestock systems in developing countries,” Revue Scientiﬁque
et Technique, vol. 18, no. 2, pp. 399–424, 1999.
[2] MALD (Ministry of Agriculture and Livestock Development),
Tanzania National Food Strategy: A Framework for Action,
Ministry of Agriculture and Livestock Development, Dar es
Salaam, Tanzania, 1984.
[3] P. Thornton, R. Kruska, N. Henninger et al., Mapping Poverty
and Livestock in the Developing World, International Livestock
Research Institute, Nairobi, Kenya, 2002.
[4] E. Schelling, C. Diguimbaye, S. Daoud et al., “Brucellosis
and Q-fever seroprevalences of nomadic pastoralists and their
livestock in Chad,” Preventive Veterinary Medicine, vol. 61, no.
4, pp. 279–293, 2003.
[5] O. M. Radostitis, C. C. Gay, C. D. Blood, and K. W. Hinchcliﬀ,
VeterinaryMedicine,aTextBookoftheDiseasesofCattle,Sheep,
Pigs, Goats and Horses, W.B. Sounders, New York, NY, USA,
9th edition, 2000.
[6] G. M. Shirima, The epidemiology of brucellosis in animals and
humans in Arusha and Manyara regions of Tanzania,P h . D .
thesis, University of Glasgow, Glasgow, UK, 2005.
[7] E. A. Mahlau, “Further brucellosis surveys in Tanzania,”
Bulletin of Epizootic Diseases in Africa, vol. 15, no. 4, pp. 373–
378, 1967.
[8] E. M. Swai, Studies on the prevalence of bovine brucellosis and
reproductive performance in small-scale dairy cattle herds in
Dar es Salaam and Morogoro regions, M.S. thesis, Sokoine
University of Agriculture, Morogoro, Tanzania, 1997.
[9] I. Weinh¨ a u p l ,K .C .S c h¨ opf, D. Khaschabi, A. M. Kapaga, and
H. M. Msami, “Investigations on the prevalence of bovine
tuberculosis and brucellosis in dairy cattle in Dar es Salaam
region and in zebu cattle in Lugoba area, Tanzania,” Tropical
Animal Health and Production, vol. 32, no. 3, pp. 147–154,
2000.
[10] E. S. Swai, D. Mshanga, P. N. Sanka, and W. H. Marandu,
“Prevalenceofbovinebrucellosisinsmallholderdairyfarming
area, Moshi, Tanzania,” Bulletin of Animal Health and Produc-
tion in Africa, vol. 53, pp. 97–105, 2005.
[11] G. M. Shirima, S. Cleaveland, R. R. Kazwala et al., “Seropreva-
lence of brucellosis in smallholder, agro-pastoral, beef ranch
and wild life animals in Tanzania,” Bulletin of Animal Health
and Production in Africa, vol. 55, pp. 13–21, 2007.
[12] E. S. Swai, L. Schoonman, and R. Machang’u, “Prevalence
and factors associated with bovine leptospirosis in small-scale
dairy farms in Tanga region, Tanzania,” Bulletin of Animal
Health and Production in Africa, vol. 53, pp. 51–59, 2005.
[13] L. Schoonman, Epidemiology of leptospirosis and other zoonotic
diseases in cattle in Tanznia and their relative risk to public
health,Ph.D.thesis,UniveristyofReading,Reading,UK,2007.
[14] TDDP (Tanga Dairy Development Programme), Annual
Progress Report, 1999.
[15] J. P. T. M. Noordhuizen, K. Frankena, C. M. van der Hoofd,
a n dE .A .M .G r a a t ,Application of Quantitative Methods in
Veterinary Epidemiology, Wageningen Pers, Wageningen, The
Netherlands, 1997.
[16] M. V. Thrusﬁeld, Veterinary Epidemiology, Blackwell Science,
Oxford, UK, 3rd edition, 2005.
[17] G. G. Alton, L. M. Jones, R. D. Angus, and J. M. Verger,
Technique for the Brucellosis Laboratory, INRA Publication,
Versailles Cedex, France, 1988.
[18] X. Rojas and O. Alonso, “ELISAs for the diagnosis and
epidemiology of brucella abortus infection in cattle in Chile,”
Archivos de Medicina Veterinaria, vol. 27, pp. 45–50, 2005.
[19] B. W. Stemshorn, L. B. Forbes, and M. D. Eaglesome, “A
comparison of standard serological tests for the diagnosis of
bovine brucellosis in Canada,” Canadian Journal of Compara-
tive Medicine, vol. 49, no. 4, pp. 391–394, 1985.
[20] Epi-Info, Version 6.04d, Centre for Disease Control, Geneva,
Switzerland, 1996.
[21] Statistix, Statistixs, 4.1 Analytical Software. User’s Manual,
Statistix, Tallahassee, Fla, USA, 1994.
[22] R. H. Mdegela, L. J. M. Kusiluka, A. M. Kapaga et al.,
“Prevalence and determinants of mastitis and milk-borne
zoonoses in smallholder dairy farming sector in Kibaha and
Morogoro districts in eastern Tanzania,” Journal of Veterinary
Medicine Series B, vol. 51, no. 3, pp. 123–128, 2004.
[ 2 3 ]E .D .K a r i m u r i b o ,H .A .N g o w i ,E .S .S w a i ,a n dD .M .K a m -
barage, “Prevalence of brucellosis in crossbred and indigenous
cattle in Tanzania,” Livestock Research for Rural Development,
vol. 19, no. 10, pp. 148–152, 2007.8 Veterinary Medicine International
[24] A. P. Kiputa, S. I. Kimera, and P. N. Wambura, “Studies on
the role of trade cattle in the transmission of Brucellosis in
Karagwe district, Tanzania,” Tanzania Veterinary Journal, vol.
25, pp. 48–59, 2008.
[25] J. J. McDermott and S. M. Arimi, “Brucellosis in sub-
Saharan Africa: epidemiology, control and impact,” Veterinary
Microbiology, vol. 90, no. 1–4, pp. 111–134, 2002.
[26] G. Berhe, K. Belihu, and Y. Asfaw, “Seroepidemiological
investigation of bovine brucellosis in the extensive cattle
productionsystemofTigrayRegionofEthiopia,”International
Journal of Applied Research in Veterinary Medicine, vol. 5, pp.
65–71, 2007.
[27] M. K. Omer, E. Skjerve, G. Holstad, Z. Woldehiwet, and
A. P. Macmillan, “Prevalence of antibodies to Brucella spp.
and individual risk factors of infection in traditional cattle,
goats and sheep reared in livestock-wildlife interface areas of
Zambia,” Epidemiology and Infection, vol. 125, pp. 447–453,
2000.
[28] P. K. Turkson and D. Q. Boadu, “Epidemiological of bovine
brucellosis in the Coastal Savanna zone of Ghana,” Acta
Tropica, vol. 52, no. 1, pp. 39–43, 1992.
[29] J. B. Muma, K. L. Samui, V. M. Siamudaala et al., “Prevalence
of antibodies to Brucella spp. and individual risk factors
of infection in traditional cattle, goats and sheep reared in
livestock-wildlife interface areas of Zambia,” Tropical Animal
Health and Production, vol. 38, no. 3, pp. 195–206, 2006.
[30] R. Mart´ ınez, S. Dunner, G. Barrera, and J. Ca˜ non, “Novel
variants within the coding regions of the Slc11A1 gene
identiﬁed in Bos taurus and Bos indicus breeds,” Journal of
Animal Breeding and Genetics, vol. 125, no. 1, pp. 57–62, 2008.
[31] A. Oloﬀs, O. P. Baumann, J. Afema, and J. Nakavuma,
“Experience with a strategy to investigate bovine brucellosis
in a rural area in southwest Uganda,” Revue d’Elevage et de
Medecine Veterinaire des Pays Tropicaux, vol. 51, pp. 101–105,
1998.
[32] T. Tadele, F. Regassa, and K. Belihu, “Seroprevalence study of
bovinebrucellosisinextensive management systeminselected
sites of Jimma zone, Western Ethiopia,” Bulletin of Animal
Health and Production in Africa, vol. 56, pp. 25–37, 2007.
[33] R. L. Walker, “Brucella,” in Veterinary Microbiology,C .H .
Dwight and C. Z. Yuang, Eds., pp. 196–203, Blackwell Science,
Cambridge, Mass, USA, 1999.
[ 3 4 ]R .N k y a ,B .M .K e s s y ,Z .C .L y i m o ,B .S .J .M s a n g i ,F .T u r u k a ,
and K. Mtenga, “Constraints on smallholder market oriented
dairy systems in the north eastern coastal region of Tanzania,”
Tropical Animal Health and Production, vol. 39, no. 8, pp. 627–
636, 2007.
[35] E. S. Swai, E. D. Karimuribo, D. M. Kambarage, and W. E.
Moshy, “A longitudinal study on morbidity and mortality in
youngstock smallholder dairy cattle with special reference to
tick borne infections in Tanga region, Tanzania,” Veterinary
Parasitology, vol. 160, no. 1-2, pp. 34–42, 2009.
[36] J. B. Oliveira, J. Hern´ andez-Gamboa, C. Jim´ enez-Alfaro,
R. Zeled´ on, M. Bland´ on, and A. Urbina, “First report of
Trypanosoma vivax infection in dairy cattle from Costa Rica,”
Veterinary Parasitology, vol. 163, no. 1-2, pp. 136–139, 2009.
[37] Oﬃce International des Epizooties [OIE], “Bluetongue,” in
OIE Manual of Standards for Diagnostic Tests and Vaccines for
Terrestrial Animals,O ﬃce International des Epizooties, Paris,
France, 5th edition, 2004.
[38] A. Robinson, Guidelines for Coordinated Human and Animal
Brucellosis Surveillance, FAO Animal Production and Health
Paper, no. 156, FAO, Rome, Italy, 2003.
[ 3 9 ]D .K .K u b u a f o r ,B .A w u m b i l a ,a n dB .D .A k a n m o r i ,“ S e r o -
prevalence of brucellosis in cattle and humans in the
Akwapim-South district of Ghana: public health implica-
tions,” Acta Tropica, vol. 76, no. 1, pp. 45–48, 2000.
[40] R. M. Cannon and R. T. Roe, Livestock Disease Surveys: A Field
Manual for Veterinarians, Australian Government Publishing
Service, Canberra, Australia, 1982.